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COMPLETE SPECIFICATION 
Improvements in or relating to Aerials 



We^ Electuc & Musical Industubs 
Limited, a British company, of Blyth Road, 
Hayes, Middlesex, do hereby dedare die 
invention, for which we piay that a patent may 
S be granted to us, ^ the method by which it 
is to be pcrfOTned, to be particularly described 
in and by the fdlowing statement; — 

This invention relates to aerials and it 
relates in particular to helical aerials, whidi 
10 arc spedaily suitable for the radiation or recep- 
tion of microwave dectro-magneiic energy. 

It has previously been proposed to provide 
an aerial for radiating or receiving microwave 
energy comprising a conductor wound in the 
15 form of a helix and associated with a flat 
^ound plane. With a helix of given dimexisions 
the mode of operation and the radiation 
jrattem vary with frequency and several dis- 
tinct modes of operation of the helical aerial 
20 arc possible. The helical aerial has the advant- 
age of being able to radiate or receive energy 
m a wide band of frec^uendes, and moreover it 
is of simple construction. However, a problem 
encountered in the construcdon of helical 
25 aerials is that of providing a suppwt for die 
heUx in order to secure its mechanical rigidity 
under conditions of vibration. The helical 
aerial can be supported in a dielectric fraine- 
work with little or no effect uptm the radiation 
30 pattern provided the frequency is low, because 
the supports may be made much smaller than 
the op'erattnt^ w?vclength. However, the apj^- 
cants have discovered that when the aerial has 
to operate at microwave frequencies, a support- 
35 ing device ncccssarfly has dimensions which 
arc not negligible when compared with the 
operadng wavelength and deterioration of the 
radiauon pattern occurs. 
An object of die present invention is to 
40 reduce the difficulties aforesaid. 

According to one aspea of the present 
invention riicre b provided a helical aerial m 
which a helical conductor is enclosed in dielec- 
tric material whose cross-sectional dimensions 
45 are so cho&en that for energy of a predeter- 
mined frequency, the phase velocity of pro- 
pagation in said material in the direction of the 


axis of said helix approximates to die velocity 
of a plane wave in an unbounded medium oi 
said material, and the helical conductor is di- 50 
mensioned (taking into account the dielectric 
material) for the propagation or reception of a 
circularly polarised wave of said frequency 
directed along said axis. 

In certain applications of helical aerials, the 55 
disadvantage is encotmtered that the amplitude 
of side lot^ in the radiation pattern is exces- 
sive, and with a view to reducing the ampli- 
tude of side lobes, a structure is preferably 
provided to form a ground plane disposed 60 
about said conductor and of conical shape or 
other shape diverging towards the outer end 
of said conductor. 

P^erably, the ground plane is conical and 
has a total included angle of approximately 65 
90^, is coaxial with the longitudinal axis of 
the aerial and has an^perture of approximately 
A or greater where X is the free space wave- 
length of the centre frequenty to be radiated 
or received. However the sides of the ground 70 
plane need not be straight either locally or 
along their full length. 

In Older that the invention may be dearly 
imderstood and readily carried into effect, the 
invention will be described with reference to 75 
the accompanying drawings, in which: — 

Figure 1 illustrates a form of a helical aerial 
in accordance with die present invention, and 
Figure 2 illustrates diagrammatically a modi- 
fication of Figure 1 des&ned for operaticHi at 80 
h^er frequencies than £e aerial of Figure 1. 

Referring to the drawing. Figure 1 5iows a 
helical aerial desiened to radiate in the first 
axial mode in a frequency band centred at, 
say, 4000 Mc/s. The aerial comprises a metal 85 
helix I which has for example four turns and 
is clockwise wound looking from the free end 
of the hdix. The ri^t-hand end of the helix, 
as shown in die dravring, is conneacd to the 
iimer conduaor 2 of a coaxial feeder for the 90 
energy to be radiated or reodved by the acriaL 
The outer conduaor of the coaxial feeder, a 
fragment of which is shown at 3 in the draw- 
ing, is coniKaed to a metal coim 4 whidi is 
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eoaml wtb the helix 1 and serves as the 
^mnd plane of the aerial. The coaxial feeder 
majr be disposed as shown or OQ the axis of the 
» wpport the helix to ensure 
ngrfitjr under coodinons of yihrarion, the 
hda 1 is whoUy enclosed in a cylindrical dceve 
5of a didectnc material, which is poIydieDe in 
S^hT^^ ««i»PJ«. wMst a cyl£dSl^€ 
of the same djelectric material is inserted into 
4e «t«ior of die helix. This cowTlSS 
Agrfm Figure 1 and is denoted bylZ 

oieiectfic mount having extt^ ^ 

LJS^t^^ ".secured to the cone 4, and 
^«tt) the aenal support, in any suitable 

gWong radiation maSiIy along the axis of 

nutenal tends however to cause the aerial tn 

mc «iide aenal, as a result of die did^ 
material actmg as a guide for the dSl 
radiatiia along it, lenjd,. The pSe^S 
» inW*"'^'* '^ff^ didectrHd 

fl^^ t^^^fi** diameter of die mount 

^^.iS S*H?^- 5 «»d the core 6, 
^■wteigm of die radiaoon, and die dielMric 

tL5^* ?^ .<l>ametcr of die mount is 

ffl^\£f J«^t»^ of the frequency 
au cra^tion, die phase velocity of propaga- 

5®° J^^"»unt in die direction of dfeaSTrf 
tte bda a^oximates to die wlodty of a 
plane wave in an unbounded medium of die 
"Menal and deterioration of die radattion 

f^t^ ? fa* q-oe is reS 

uyely small It is <rf course aeoessarv to 
■dmst die dimauJpns of die bdix compared 
^ diose of a hdix in free space desigiidto 

S!?^*^- F*««ScaheIixo,«^ 
mg m free space and working in die afoi«aid 
frequen<7 centred at 4000 Mc/s, may 
have a pitch of about 0.72 inches and m extcr- 
na^ diameter of 0.93 indies whereas for die 

55 Wix enclosed in die dielectric mount 5. 6, Se 
Am^ons are reduced in die ratio of JT l 
For the case in which die dielectric maie^iai 
B polydwne dus requires diat die pitdi of die 
Mix be reduced to about 0.48 inches and its 

» diameter to about 0.62 inches. When die 
hdix dmwisions are of diis order, ±e aerial 
was found to have a radiation pattern similar 
to diat of a helix of die aforesaid larger dimcn- 
suns and mounted in free space. Direction 

99 Of rotaoon of die electrical veaor of die pro- 
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pagated wave depends on wbedier die hel» 
IS wound docfcwise or counter docW*^ 
niec«ie4hasanangleof90»andaoaBef. 

nire of about A where A is die wavd^gSft 
free space at die aforesaid centre freqSi? 

my ^ determmed empiricaUy to obtain^ 
maamumreducnon of die side lobe amplitS 
m die radiation pattern. Ih die pre^ 
«amp^ the cone aperture is aj5S«£Sjj 

t^2^^^ form, and odier ahapa 

»eAfS*-iii"^ J form of die 1 

•^Im aoordamx widi die present inventiS! 
«^PMd for op«oon in die X band, diat fa 
«£r^aes of the order of 10000 Mc/J # 
TJc aenal Bcssemally of die same constnici 

SS,"a^TiSe?«Sr Jhe-laSr^-J « 

TrS.^. iJ^f «"t the higher 

opcratmg frequency. n,e hdix has about 
41 tunis and is dodcwise wound. ^ S SO 

P^tth about 0.22 indies and die dudmeUlf 

the polytiiene core is about 0.25 
0 « thidmess of ff 

aoout I mch. The aperture diameter of riie 
«ne M about U2 ind,^TT„,^fe^y^ 
^* 2 however, modffiSi „ 

runted du^TS « 
f"*** probe 9 projects fr^ die inoTood 
3« f« fjo the gmde diroughT^l^ 

at one end of d« guS 
Se^li'^^'S mipedanoe matdiiS^rf ' 

SSntairerf the Il5 

^T.^/ *«Wi. which may be 

of tite order of 25 per cent or more of die 

^^Jr?."?^ of *e band, and die gain of 
ff^T"^ ".J"8h. The aerial can also recdve 

radiated widi horizontal cTvSSd 120 

^ polarised wav«s for omnWirectiona 

A.L^ '"''^?' " a hdical con- 

ductor IS endosed in dielectric maSwSL 
cross-seaional dimensions are so ST rh« 
for energy of a predetenni„<J freJSS, 'fc' Utf 
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phase vdodty of propagaiioii in said material 
ii the direction of die axis of said hebx 
approximates to the vclodw of a plane wave 
in an unbounded noedium of said material, wd 
5 the helical coodactDr is dimennoncd (tabng 
into account ihc dielectric material) for die pro- 
pagation or reception <A a circularly polarised 
wm of said frequency directed along said 
axis* 

10 2. A helical aerial according to Oaim 1, 
compri^ng a structure arranged^ to form a 
grouxid plane disposed about said oondumr 
and of cooical diape, or odier shap: diverging 
towards the outer end of said conductor. 


20 


3. An aerial accwding to Oaim 2, wherein 15 
said groimd plane has a total included angle of 
approximately 90"*. 

4. A helical aerial according to Qaim 2 or 
3 wherein the aperture of said ground plane is 
approximately X or greater where X is the free 
space wavelengdi at a predetermined frequency 
to be radiated or reoaved. 

5. A helical aerial substantially as herein 
desaibed widi rcferenoe to the drawings* 


A. B. LOGAN, 
Chartered Patent Agent 


PROVISIONAL SPECIFICATION 
ImprovemcnU in or relating to Aerials 


25 We, Electric & Musical Industries 
Limited^ a Bridsb company, of Blyth Boad, 
Hayes, Middlesex, do hereby dedare dus 
invention to be described in the followmg 

statement: — . / ^ . * 

30 This invention reiates to aeriab and It relates 
in particular to hdical aerials, whidx are speci- 
ally suitable for die radiation or reception of 
microwave dectro-magnetic energy. 
It has previously been proposed to^ provide 
35 an aerial for radiating or receiving miaowave 
energy comprising a conductor wound in the 
form of a helix and assodated with a flat 
ground plane. With a helix of given dimen- 
sions the mode of operation and radiation pt- 
40 terns vary with frequency and several distinct 
modes of operation of the hdical aerial are 
posMble. The helical aerial has the advan- 
tage of being able to radiate or recdvc energy 
in a wide Iwnd of frequencies, and moreover 
45 it is of simple construction. However, for 
cer^ apf^catims, the an^litude of side lobes 
in the radiation pattern is excessive, and one 
aspect of the present invcntkm is to reduce the 
amplitude <A side lobes. 
SO According to this asjpect of die ptesoit 
invention tiiere b provided a hdical aerial 
whidi has a ground plane in the general form 
of a cooe or omical shape about the aerial. 
Preferably, the cone has a total induded 
55 angle of approximatdy 90*, b coaxial widi rfie 
longitudmal axis of Ae aerial and has an aper- 
ture of approximatdy l.OX where A is die free 
space wavelength of the centre frequency to 
be radiated or reodved. 
60 Anodier proUcm encountered in die con- 
struction of hdical aerials is that of providing 
a support for die hdix in order to secure its 
mechanical rigidity under conditions of vibra- 
tion. The helical acrid can be supported m 
65 a didectric framework with littie or no effea 
upon die radiation patterns provided die fre- 
quency is low, because die supports may be 
made mudi analler dian die opcratmg wave- 
lengdi. However, the Applicants have dis- 
70 covered that when the aerid has to operate at 
microwave frequencies die supporting device 


has dimensions which are not negligible when 
compared widi the operating wavdength and 
de^<»ation of the radiation patterns occur. 

The object of another aspect of the present 75 
inventioa is to reduce the difficulties afore- 
said. 

According to this other aspect of the pre- 
sent invention diere is provided a helical 
aerid m wfaidi die bdix is enclosed in dielec- SO 
trie materid and the linear dimensions of the 
hdix are reduced approximatdy by a faaor 
of s/J^ compared widi the dimensions which 
the hdix would have if located in free space, 
where is the didectric constant of die sup- 85 
porting dielectric materid. 

In order diat the invention may be clearb 
understood and readily carried into effect, the 
inventi<m will be described with reference to 
the accompanying drawings, in which: — 90 

Figure 1 iUustrates one form of a helical 
aerid in accordance with the present inven- 
tion* 

I^gure 2 illustrates another form <rf a hdicd 
aerid in accordance widi the present inventiooi 95 
and 

Figure 3 illustrates diagrammatically a modi' 
fication of Figure 2 designed for operation at 
very high frequencies. 

Referring to the drawing. Figure 1 shows a 100 
belied aend constructed in accordance with 
the first aspea of the present invention, the 
acrid being dedgned to radiate in the first 
add mode in a frequency band centred at, say, 
4000 Mc/s. The aend comprises a metd 105 
hdix 1 which has, say, four turns and is dock- 
wise wound. The right-hand end of the 
hdix, as ^own in the drawing, is connected to 
die inner conductor 2 of a coaxid feeder for 
feeding the energy to be radiated or recdved 110 
by the aerid. The outer conductor of the 
coaxid feeder, a fragxnent of vdiidi is shown 
at 3 in die drawing, is connected to a metd 
cone 4 whidi is coutid with the hdix 1 and 
serves as the ground plane of the aeriaL The 115 
helix has a pitch of about 0.72 inches and an 
extemd diameter of about 0.93 inches. The 
cone 4 has an angle of 90"^ and an aperture of 
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about 1.0A where A is tbe wavdenah in free 
spacoat the aforesaid centre frequSqr. The 
<™aon« of the cone we determined 

^ "^f " ^ radiadoniS 
I S ^SaT** " that shown in 

w propagated laigely along die axis of die 

<»f victor^ 
U»e wave depends on vHiedier die' helir is 
wound dockwise or counter dockwLf 
Figure 2 of die drawing shows a modiBca- 

wtwtion, the bda 1 ia whoUy endosed iii a 
whKh IS pplytiiene in die present 

T» *« interior of die 
5^ • 35!! ''Tt" ''•tted in Figure 

ot ei^jloyii^ a mount m die fonn of die sleeve 
5andcore6,thehdixlniaybeemSd3rS 
25 a moulded polydiene mount ha^^S™! 

fr^^i • « cndosiM die hdiz 

m didectnc tends to cause die a^iaUo m£ 
up some of die diaraaeristics <rf rpJfvSS 

««mg as a guide for die dectrical radi^ 

^^do^e dfcleciric and dso die JSS 
of power guided inside to duu guided outside 

»tot * of die didectnc materid of whidi die 
mountismade. It may be shown dut if Se 

40 ^^I'^ii^ i of die ord« of iSS 

»!„^!?°*^ Aen die phase vdodty m die 
mount IS nearly die same as in an unbouiukd 
n«lium of diedidectric On diSrSSrS 
S!..*" «*»tanridly die same phase rda- 
OM^p prevjub f* die aerid of Eguie 2 « 

45 for die aend of Kgure I operadng in tee 

In accordance widi die 
inventnn diis is done by reducing die dimen- 

40 2*f»»<* thehelk I in die ratio of v'"*":!. For 

"".y^ didectnc Lat«W ? 
pdydirae, dus requires diat die pitdi of die 
hda be reduced to about 0.48 indies and to 
d«nieter to about 0.62 indies. \Sen t£ 


helix fusions are modified in diis way, die 
aerial dlustratcd m Figure 2 was found to ha^ 
radiaa« patterns similar to diat shown S 

Figitte 3 inustrates a furdier form of die 

don, designed for operation in die X band 
that B at frequendes of die order of 10000* 
Mc/s. .The aerid is esscntidly of die Same 
construction as shown in Figure 2 and corres- 
pondmg para are denoted by die same refer- 
ence numends, die dimenaioi bdng b^ 
reduced in the correct ratio to nStiieTSS 
operatmg frwuency. The hdixhaslSout 
^,'^»?dLdodcwi9ewt>und. TTie^* 
nwer of the Mix is about 0J9 Indies. 
P|tdi about 0J2 indies and die tWdSs^ 
die wire of the hdix about 0.04 indi^Tl" 
iS^/ the polydwie core is about 0.25 
0 ^ » thidmess of 

aiSr^^ *°*lf* °f the sleeve is 

-n* construct^ 
shown in Figure 3 is, however, modified as 

lead-in to die hchx dirough die cone. The 
cone is mounted direcdy on a lengdi of wav^ 

^Jr^u r^** 9 projects bL die 
end of die hehx into die guide dirough a poly- 
Aene phig S at the apex of die cone. A mov- 
able piston 10 is located at one end of ^ 
guide in order to fadliate impedance matS^ 
.ng of dK probe from die helix^^^eS. 

aooSJ'r^L'^T*"'^"' ^ ^ " 
applied to aerials operating at frequendes of 

4000 Mc/s Ji highSISds -m 

a^rdancc widi die invention m^y dso be 

used for die transmission and reception of 

edcvision and sound programmes at high frc- 

quenacs. For sudi us^ die aerids have ±c 

of die oMer of 25 per cent die centre fre- 

^'.'^ ^ ofTa.SS 
The aetid can dso recdve signds 
radttted witii honzontd or verticd poC 

rJ^'^JT'^' ^ transmission oV drcu- 
farly polarised waves for broadcast purposes 

SdiaS.«° ^ he«c5 iSS 

rlSTdvSa??. ''""''y »" 

^F. W. CACKETT, 
Cnanered Patent Agent. 
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